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We discuss gauge mediation models where the doublet messengers and Higgs doublets are allowed 
to mix through a “charged” coupling. The charged coupling replaces messenger parity as a means of 
suppressing ﬂavor changing neutral currents without introducing any unwanted CP violation. As a result 
of this mixing between the Higgs doublets and the messengers, relatively large A-terms are generated at 
the messenger scale. These large A-terms produce a distinct weak scale mass spectrum. Particularly, we 
show that the lightest Higgs boson mass is enhanced and can be as heavy as 125 GeV for a gluino mass 
as light as 2 TeV. We also show that the stops are heavier than that predicted by conventional gauge 
mediation models. It is also shown that these models have a peculiar slepton mass spectrum.
© 2011 Elsevier B.V. Open access under CC BY license.1. Introduction
A generic feature of models with gauge mediated supersymme-
try (SUSY) breaking [1–7] is ﬂavor-blind soft masses at the mes-
senger scale. Additionally, the A-terms at the messenger scale1
are generically predicted to be loop suppressed compared to the 
sfermions masses. An important consequence of small A-terms 
at the messenger scale is the lightest Higgs boson of the mini-
mal supersymmetric standard model (MSSM) is at the edge of the 
presently allowed mass region, i.e. mh0  120 GeV for mgluino 
3 TeV [8].2 
In this Letter, we investigate more generic gauge mediation
models for which the A-terms are generated at one-loop without 
introducing any new ﬂavor violation. As a result of these large A-
terms, we show that the lightest Higgs boson is relatively heavy for 
a given gluino mass as compared with conventional gauge media-
tion models. Furthermore, we also show that the stop masses are 
predicted to be heavier than expected for such a heavy Higgs bo-
son mass. It is also shown that the models have a peculiar slepton 
mass spectrum.
The organization of the Letter is as follows. In Section 2, we 
discuss our more generic model of gauge mediation and explain 
the origin of the large stop A-terms. In Section 3, we discuss the
* Corresponding author at: Institute for Cosmic Ray Research, University of Tokyo,
Chiba 277-8582, Japan. 
E-mail address: ibe@icrr.u-tokyo.ac.jp (M. Ibe).
1 In this Letter, we deﬁne A-terms as the trilinear scalar couplings divided by the
corresponding Yukawa coupling constants.
2 Here, we roughly assume the reach of the LHC experiments for 
√
s = 14 TeV
with the integrated luminosity 100 fb−1.0370-2693/© 2011 Elsevier B.V. Open access under CC BY license.
doi:10.1016/j.physletb.2011.10.031distinct features of the mass spectrum, including the effects of the 
enhanced A-terms. The ﬁnal section is devoted to our conclusions 
and discussions.
2. More generic gauge mediation
2.1. Flavor blind models of gauge mediation
Before discussing our more generic setup, we brieﬂy review 
how conventional gauge mediation produces ﬂavor-blind soft SUSY 
breaking parameters at the messenger scale. In most models, the 
messengers (Φ, Φ¯) are assumed to be a fundamental and anti-
fundamental of the minimal grand uniﬁed gauge group, SU(5). The 
messengers couple directly with supersymmetry breaking in the 
superpotential
W = g ZΦ¯Φ, (1)
where g is some coupling constant and
g〈Z〉 = M + F θ2. (2)
We consider g〈Z〉 to be a spurion and do not consider its origin
in what follows.3 Integrating out the messengers produces ﬂavor-
blind soft SUSY breaking parameters.
An implicit, but crucial, assumption made in the above discus-
sion is that the messengers do not directly couple to the MSSM 
matter ﬁelds. In order to rationalize the above assumptions, quan-
tum numbers are assigned to the messengers to distinguish them
3 See, for example, Refs. [9,10] for a recent discussion of models of gauge media-
tion which include the SUSY breaking sector.
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The charge assignments for the broken U (1) symmetry are presented here. We have
used SU(5) GUT representations for the MSSM matter ﬁelds, i.e. 10 = (Q L , U¯ R , E¯ R )
and 5∗ = (D¯ R , LL). We also show the charge of the right-handed neutrinos N¯R ,
which is need for the see-saw mechanism [11]. These charge assignments forbid the
unwanted interactions in Eqs. (3) and (4) while allowing those in Eq. (5) along with
the MSSM Yukawa interactions, the μ-term, and mass terms for the right-handed
neutrinos.
φ+ Hu Hd 10 5∗ N¯R Φ Φ¯ Z
U (1) +1 −2 −3 +1 +2 0 0 0 0
from the MSSM matter ﬁelds. Most importantly, these quantum
numbers distinguish the messenger doublets from the Higgs dou-
blets. Without this distinction, the messengers would couple di-
rectly to the MSSM matter ﬁelds4
W = ρ1ΦL¯ Q L U¯ R + ρ2Φ¯L¯ Q L D¯ R + ρ3Φ¯L¯ LL E¯ R , (3)
leading to ﬂavor-violating soft scalar masses.5 Furthermore, opera-
tors inducing rapid proton decay such as,
W = λ1ΦD Q L Q L + λ2Φ¯D Q LLL, (4)
could not be forbidden. Here, we have split the messengers into
Φ = (ΦD ,ΦL¯) and Φ¯ = (Φ¯D , Φ¯L¯) in accordance with the MSSM
gauge charges. Forbidding these two types of operators, via quan-
tum numbers, is crucial for building a successful model.6 This
reasoning seems to eliminate the possibility of the Higgs doublets
mixing with the doublet messengers, ΦL¯ and Φ¯L¯ .
In supersymmetric theories, however, the Higgs doublets can
mix with the doublet messengers while the tree level operators in
Eqs. (3) and (4) are forbidden. This is accomplished by assuming
that there is a U (1) symmetry which was spontaneously broken at
some high energy scale by a single positively charged spurion ﬁeld,
φ+ . If the Higgs doublet is negatively charged under this U (1),
a combination of φ+ and Hu can mix with the doublet messen-
gers in the superpotential. More explicitly, we may generalize the
messenger sector as follows
W = g ZΦ¯Φ + 〈φ
2+〉
Λ2
ZΦ¯Hu, (5)
where Λ denotes some high energy cutoff scale such as the Planck
scale, MPL . The unwanted operators in Eqs. (3) and (4) are forbid-
den if the charge assignments are as in Table 1. Therefore, with the
help of the “charged coupling constant” 〈φ+〉, the messengers and
the Higgs pair can have a Yukawa interaction in the superpotential
without introducing any other phenomenological problems. This
additional interaction will eventually lead to mixing between the
Higgs and the doublet messengers. We note here that negatively
charged couplings are not allowed in the superpotential because
of its holomorphy (i.e. the so-called SUSY-zero mechanism). It is
for this reason that the messengers are not allowed to have direct
Yukawa interactions with the MSSM matter ﬁelds.
From the above arguments, we ﬁnd four classes of models con-
sistent with ﬂavor constraints and rapid proton decay constraints:
• No mixings between the messengers and the Higgs pair.
• The messenger ΦL¯ mixes with Hu with the help of a “charged”
coupling constant.
4 For simplicity, we have suppress the ﬂavor indices in Eqs. (3) and (4).
5 Tree level ﬂavor violation from these new interactions could also be problematic
unless the messenger scale is above about 105 TeV.
6 We assume that the messenger triplets, ΦD (Φ¯D ) have the same quantum num-
bers as the messenger doublets ΦL¯ (Φ¯L¯ ) under the symmetries which forbid the
unwanted terms.• The messenger Φ¯L¯ mixes with Hd with the help of a “charged”
coupling constant.
• The messengers ΦL¯ and Φ¯L¯ mix with Hu and Hd , respectively,
with the help of “charged” coupling constants.7
The ﬁrst class of models corresponds to conventional gauge medi-
ation. The second class which we name Type-II gauge mediation is
a new class of models. Below we will discuss the mass spectrum
of Type-II gauge mediation. We discuss only Type-II gauge media-
tion since we are most interested in the mass of the lightest Higgs
boson. However, these other two classes of models will have their
own unique spectrum.
2.2. Soft SUSY breaking masses in Type-II gauge mediation
Now we examine in detail Type-II gauge mediation models. In
Type-II gauge mediation models, only Hu mixes with the messen-
gers. The superpotential for Type-II gauge mediation at the mes-
senger scale is
W = g ZΦ¯Φ˜ + g′ZΦ¯L¯ H˜u + μ˜H˜uHd + y˜U i j H˜u Q Li U¯ R j, (6)
where μ˜ (∝ 〈φ5+〉/Λ4) is a dimensionful parameter, y˜U i j is the
usual 3 × 3 Yukawa coupling matrix, and we have replaced
〈φ2+〉/Λ2 by g′ .8 We have also placed tildes on Hu and ΦL¯ for later
purposes and have neglected the parts of the MSSM superpotential
which are not relevant for our discussion. Because of holomor-
phy of the superpotential, as explained above, the dangerous terms
like ΦL¯ Q L U¯ R are forbidden because a negatively charged couplings
constant is not allowed.
To elicit the important low-scale phenomenon of these models,
we change the ﬁeld basis by the rotation(
Φ˜L¯
H˜u
)
= 1√
g2 + g′2
(
g −g′
g′ g
)(
ΦL¯
Hu
)
. (7)
In this new basis, the above superpotential becomes
W = g¯ ZΦ¯Φ + μHuHd + μ′ΦL¯ Hd + yUij Hu Q Li U¯ R j
+ y′UijΦL¯ Q Li U¯ R j, (8)
where the parameters are deﬁned as
g¯ =
√
g2 + g′2, μ = g√
g2 + g′2 μ˜, μ
′ = g
′√
g2 + g′2 μ˜,
yUij = g√
g2 + g′2 y˜U i j, y
′
Uij =
g′√
g2 + g′2 y˜U i j. (9)
This new basis is much better for low scale physics because the
only heavy states are clearly Φ,Φ¯ .9 In this basis, the mixing angle
between the Higgs doublet and the messengers is suppressed by
O (μ/M), as compared to O (g′/g) in the original. Since we will
7 A similar model to the fourth possibility has been considered based on a frame-
work of the extra dimension [12], where the operators causing rapid proton decay
are suppressed by brane separation, while they are suppressed by the SUSY-zero
mechanism in the present model as explained in the text.
8 In the following discussion, we assume that 〈φ+〉  Λ  MPL , so that g  g′ =
O (1). In this case, the μ-term, μ˜ ∝ 〈φ5+〉/Λ4 is not suppressed by 〈φ+〉’s, and hence,
it needs to be suppressed by some other mechanism to explain μ = O (1) TeV. In
this Letter, we do not discuss the solution to the so-called μ-problem in this Letter.
(See also some comments at the end of this section.)
9 In the following arguments, we slightly change the deﬁnitions of the spurion
VEV from Eq. (2) to
g¯〈Z〉 = M + Fθ2. (10)
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squared mass of T¯ R is obtained by exchanging the Q ’s and T ’s in the diagrams.
consider g′/g ∼ 1, this basis is more suited for physics below the
messenger scale.
Here, we reaﬃrm that the new ﬂavor dependent interactions in
this basis,
W = y′UijΦL¯ Q Li U¯ R j, (11)
are not dangerous. Since these new ﬂavor dependent interactions
are aligned with the MSSM Yukawa coupling, yU , diagonalizing the
Higgs–Yukawa couplings will simultaneously diagonalize these ad-
ditional Yukawa couplings.10 In the MSSM, we are free to chose
one of the Yukawa couplings to be diagonal without any loss of
generality. In this basis, it is clear that no new signiﬁcant source of
ﬂavor violation is present. In the following discussion, we choose
the basis where y˜U is diagonal and neglect everything except the
top Yukawa coupling,
W = yt Hu Q L3 T¯ R + y′tΦL¯ Q L3 T¯ R . (12)
Not only are these interaction not dangerous, but it is these new
interactions that give Type-II gauge mediation its unique spectrum.
2.2.1. Tree-level mediation effect
The third term of the superpotential in Eq. (8) leads to a soft
SUSY breaking squared mass for Hd at the “tree-level”. That is, by
integrating out the messengers, the down-type Higgs Hd gets a
tree-level soft squared mass,
m2
H¯
= −μ′2 F
2
M4 − F 2 . (13)
Here, μ′ is assumed to be of the same order of magnitude as the
μ-term, for g/g′ = O (1). This contribution can be important in
low scale gauge mediation where F ∼ M2. However, as we push up
the messenger scale this contribution falls off quickly. Fortunately,
this tree-level mediation does not play an important role in most
of the parameter space we are interested in.
2.2.2. The one-loop contribution to m2Q and m
2
T
Now, let us discuss the one-loop soft squared mass of Q L3 due
to the last interaction term in Eq. (12). From the diagrams in Fig. 1,
we obtain a one-loop soft squared mass for Q L3:
δm2Q 3 =
y′2t
32π2
F 2
M2
(
(2+ x) log(1+ x) + (2− x) log(1− x)
x2
)
,
(14)
where we have deﬁned,
x = F
M2
. (15)
In a similar way, we obtain the soft mass of T¯ R ;
δm2
T¯
= 2× δm2Q 3 . (16)
10 In this sense, the Type-II gauge mediation is a natural realization of the so-
called “minimal ﬂavor violation” scenario (see for example Ref. [13]).Fig. 2. The diagrams which are relevant for the A-terms. In terms of supergraphs,
the A-term is generated as a result of the wave function renormalization, which
reduces to the 1PI diagrams in component graphs.
It should be noted that these one-loop contributions to the
stop squared masses are negative [14]. Thus, one might worry that
these one-loop negative contributions dominate the positive but
two-loop gauge mediated contributions since y′t  1. This is, how-
ever, not the case for x 
 1 since these one-loop contributions are
suppressed by additional factors of x,
δm2
T¯
 − y
′2
t
48π2
F 2
M2
F 2
M4
(x 
 1). (17)
The two-loop dominance can be seen explicitly by comparing the
above contribution to the stop mass with the traditional gauge me-
diated contribution,11
m2Q ,T 
8
3
(
α3
4π
)2 F 2
M2
(x 
 1). (18)
The one-loop contribution is subdominant and does not lead to a
tachyonic stops mass as long as,
F
M2

 2√2× α3
y′t
. (19)
This condition can be easily satisﬁed, even for y′t  1, as long as
the messenger scale is not too low.
2.2.3. The one-loop contributions to A-terms
In Type-II models, A-terms are also generated at the one-loop
level (see Fig. 2). The resultant A-term for the stops is given by
At = − 3
32π2
y′2t
F
M
1
x
log
(
1+ x
1− x
)
. (20)
The A-term for the sbottoms is also given by,
Ab = − 132π2 y
′2
t
F
M
1
x
log
(
1+ x
1− x
)
. (21)
In contrast to the one-loop soft squared masses, the A-terms have
no x suppression in the limit x 
 1,
At  − 3y
′2
t
16π2
F
M
(x 
 1). (22)
Thus, the one-loop contribution to the A-terms can be sizable even
when the messenger scale is very high (i.e. x 
 1) if y′t  1. As we
will see shortly, these relatively large A-terms push up the mass
of the lightest Higgs boson signiﬁcantly.
11 We neglected the gauge mediated contributions other than the ones from the
strong interactions.
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2
T
Finally, let us discuss the two-loop contributions to m2Q , m
2
T and
m2Hu from the last interaction term in Eq. (12). Unlike the one-loop
contributions to m2Q and m
2
T , the two-loop contributions are not
suppressed in the limit of x 
 1.12 The leading two-loop contribu-
tions can easily be extracted by analytically continuing the wave
function renormalization factor into superspace [17] which leads
to13
δm2Q 3 =
y′2t
128π4
(
3y′2t + 3y2t −
8
3
g23 −
3
2
g22 −
13
30
g21
)
F 2
M2
,
δm2
T¯
= y
′2
t
128π4
(
6y′2t + 6y2t + y2b −
16
3
g23 − 3g22 −
13
15
g21
)
F 2
M2
,
δm2
B¯
= − y
2
b y
′2
t
128π4
F 2
M2
,
δm2Hu = −9
y2t y
′2
t
256π4
F 2
M2
,
δm2Hd = −3
y2b y
′2
t
256π4
F 2
M2
, (23)
where yb is the bottom Yukawa coupling constant and m2B¯ is the
soft squared mass of the right-handed sbottom.14 It should be
noted that the two-loop contributions to m2Hu is negative, and can
dominate the gauge mediated contributions if y′t  1. Since the
Higgs doublets can have a large supersymmetric mass, μ, the neg-
ative value of m2Hu does not lead to a vacuum stability problem.
Several comments are in order. First, let us point out that there
are no CP-phases in Eq. (8). All the phases of y˜t and μ, except
the CKM phase, can be eliminated by rotating the MSSM ﬁelds
in the standard way. The phases of the new couplings g and g′
can also be eliminated by appropriately rotating Φ and Φ¯ . There-
fore, the SUSY CP-problem is also absent. It should also be noted
that Type-II models do not lead to a large Bμ-term, since the di-
agrams which leads to the Bμ-term require two insertion of μ′ .
Thus, these models are also free from the so-called Bμ-term prob-
lem.15
3. The spectrum of the model
In this section, we show the distinctive features of the spectrum
of the Type-II gauge mediation models.
3.1. The heavy lightest Higgs region
As we have shown in the previous section, an interesting fea-
ture of Type-II gauge mediation is the relatively large stop A-terms
which are generated at the one-loop level. With a relatively large
12 We appreciate S. Shirai for pointing out the unsuppressed two-loop contribu-
tions.
13 Our results for the two-loop contribution disagrees with the results given in
Ref. [12]. In the renormalization scheme in Ref. [12], a superpotential term, ZHuΦ¯L¯ ,
is regenerated due to the radiative kinetic mixing. To eliminate such an unwanted
term, we need to do unitary transformation as performed in Eq. (7), which leads to
the discrepancy between our results and the one in Ref. [12]. The detailed derivation
will be discussed in a separate paper [18].
14 As pointed out in Ref. [19] there are subtleties in deriving the soft masses by
analytically continuing the wave function renormalization factor. However, since our
model only has a single pair of messengers, it evades the concerns presented in
Ref. [19].
15 Although we do not discuss the solution to the so-called μ-problem in this
Letter, we may further extend the Higgs sector so that μ and B are generated with
similar size in a CP-safe way [15]. We may also solve the μ-problem by introducing
an appropriate Peccei–Quinn U (1) symmetry [16].A-term, the lightest Higgs boson mass, which receives important
SUSY breaking corrections via the top-stop loop diagrams [20], is
pushed up to
m2h0 m
2
Z cos
2 2β
+ 3
4π2
y2t m
2
t sin
2 β
(
log
m2
t˜
m2t
+ A
2
t
m2
t˜
− A
4
t
12m4
t˜
)
. (24)
Here, mZ and mt are the masses of the Z -boson and top quark,
respectively, and tanβ is the ratio of the two vacuum expecta-
tion values of the Higgs doublets.16 The above expression for the
Higgs mass is maximized for an A-term of order At 
√
6×mt˜ . By
comparing Eqs. (18), (22), and (23), we see that the lightest Higgs
boson receives large A-term contributions for y′t  1.
In Fig. 3, we show a contour plot of the lightest Higgs boson
mass as a function of y′t and F/M2 for a gluino mass of 2.1 TeV,
tanβ = 10 and the number of messenger Nmess = 1 (left panel).
To calculate the weak scale soft masses and Higgs boson mass, we
have used SoftSusy [21].17 The ﬁgure shows that the Higgs mass
becomes large for y′t  1 as expected.
The blank regions in Fig. 3 are excluded. For x  1, the stop
mass is tachyonic (or too light) and for y′t  1 and x 
 1 the right-
handed slepton masses are tachyonic18 (or too light). Within the
allowed region, we ﬁnd that the vacuum stability condition [24],
A2t + 3μ2 < 7.5
(
m2
t˜L
+m2
t˜R
)
, (25)
is always satisﬁed and the relatively large A-terms do not cause
vacuum instability problems in Type-II models.
The right panel of Fig. 3 shows the lightest Higgs boson mass
for y′t = 1 and x = 0.1. From this ﬁgure, we see that the mass is
raised by about 10 GeV compared to the Higgs boson mass of con-
ventional gauge mediation. As a result of this enhancement, the
Higgs boson can be heavier than 120 GeV for a relatively light
gluino mass, mgluino ∼ 1 TeV. The ﬁgure also shows that the gluino
is well within the reach of the LHC experiments even for a rela-
tively heavy Higgs boson mass, i.e. mh0  125 GeV.
In addition to a relatively heavy lightest Higgs boson, we also
expect that the stops are heavier than those of minimal gauge
mediation. This stop mass enhancement is mainly due to the two-
loop contribution to the stops in Eq. (23). In Fig. 4, we plot the
stop masses for a representative point with a large Higgs mass,19
(y′t = 1, x = 0.1). The ﬁgure shows that both stops are predicted
to be heavier than those in conventional gauge mediation models
(y′t = 0). These mass features provide important clues for probing
Type-II gauge mediation models at the LHC.20
The models also predict a peculiar slepton mass spectrum in
the region where lightest Higgs mass is relatively heavy. This pe-
culiar slepton spectrum is caused by the renormalization group
evolution of the sleptons,
d
dt
m2slepton = −
∑
a=1,2
8Ca
g2a
16π2
|Ma|2 + 1
8π2
3
5
Y g21S, (26)
where Ma denote the gaugino masses, C2 = 3/4 and Y = −1/2 for
the doublet sleptons, and C2 = 0 and Y = 1 for the right-handed
selectrons. S is given by,
16 In the above expression, we have neglected the stop mixing from the μ-term
since it is suppressed for tanβ  10.
17 The uncertainty of the lightest Higgs boson mass is estimated to be about
2–5 GeV [22].
18 The origin of the tachyonic slepton is discussed below.
19 The Higgs mass can be further enhanced beyond what is shown. However, this
may lead to a Landau pole below the Planck scale.
20 Detailed phenomenological analysis will be given elsewhere.
346 J.L. Evans et al. / Physics Letters B 705 (2011) 342–348Fig. 3. (Left) The contour plot of the lightest Higgs boson mass for mgluino  2.1 TeV, tanβ = 10, Nmess = 1 and mt = 173.2 GeV. The blank region for x  1 is mainly
excluded because of tachyonic stop masses. The blank region for yt′  1 and x 
 1 is excluded by the tachyonic slepton masses. (Right) The lightest Higgs boson mass for
a given gluino mass. The blue band corresponds to the parameters, i.e. y′t = 1 and x = 0.1. We also show the upper bound for conventional models of gauge mediation,
i.e. y′t = 0 (yellow band). The upper and the lower boundaries of the each band correspond to the upper and the lower limits of the current world average top mass,
mt = 173.2±0.9 GeV [23]. The relatively broad band in Type-II gauge mediation represents the fact that our reference point (y′t = 1.0, x = 0.1) is not the optimal Higgs mass
point for a given value of mt . (For interpretation of the references to color in this ﬁgure, the reader is referred to the web version of this Letter.)Fig. 4. The masses of the stops in Type-II models (solid lines) for y′t = 1 and x =
0.1 and for conventional models of gauge mediation (dashed lines). The red and
blue lines correspond to the masses of two stops. For comparison, we show the
sup masses for both models (black lines), however, there is no difference in these
masses for the two types of models. In this ﬁgure, we have used mt = 173.2 GeV.
(For interpretation of the references to color in this ﬁgure, the reader is referred to
the web version of this Letter.)
S = tr[Yim2i ]=m2Hu −m2Hd
+ tr[m2Q −m2L − 2m2U¯ +m2D¯ +m2E¯
]
. (27)
The purely gauge mediated contributions to the above expression
cancel at the messenger scale. As we have discussed, the two-loop
contributions to m2
Q 3,T¯
in Eq. (23) are large and positive for y′t  1,
giving a negative S . Therefore, through the renormalization group
equations, the doublet sleptons become lighter at the low energy
scale, while the right-handed selectrons become heavier.21
In Fig. 5, we show the slepton masses for y′t = 1 and x = 0.1.
The ﬁgure shows that the right-handed selectrons are heavier than
21 The squark masses also receive the similar size of the renormalization group
effects from S with the signs depending on their U (1) hypercharges.Fig. 5. The masses of the sleptons in Type-II models (solid lines) for y′t = 1 and
x = 0.1 and for conventional models of gauge mediation (dashed lines). The red and
blue lines correspond to the masses of two sleptons. The black lines correspond to
the sneutrino mass. The ﬁgure shows that the right-handed selectron mass is larger
than that in the conventional models, while the left-handed selectron and the sneu-
trino masses are smaller than those in the conventional models. The degeneracy of
the slepton masses are just coincidence due to the choice of the parameter. In this
ﬁgure, we have used mt = 173.2 GeV. (For interpretation of the references to color
in this ﬁgure, the reader is referred to the web version of this Letter.)
those in conventional gauge mediation models, while the left-
handed selectron and sneutrino are lighter than expected. This
peculiar slepton mass spectrum also provides an important clue
for probing Type-II gauge mediation models.
In the above analysis, we considered relatively large Yukawa
coupling, y′t  1. One might think that such a large Yukawa cou-
pling has a Landau pole problem well below the GUT scale. A Lan-
dau pole in the RG running of the Yukawa coupling, however, does
not occur. First of all, the Yukawa coupling y′t is only important
for renormalization group scales larger then messenger scale, M .
For such large energy scales, Eq. (6) is a valid description of the
model. Thus, if the other coupling constants g and g′ are rather
J.L. Evans et al. / Physics Letters B 705 (2011) 342–348 347small, g ∼ g′ 
 1, the only relevant Yukawa interaction in the high
energy theory is
W = y˜t H˜u Q L T¯ R , (28)
which is just the Yukawa coupling constant of the top quarks. This
coupling is related to the low scale parameters as follows
y˜t =
√
y2t + y′2t . (29)
Since yt at the messenger scale is around yt ∼ 0.6–0.8, y˜t does not
signiﬁcantly exceed y˜t = 1 even for y′t  1. Therefore, the coupling
constant y˜t will be perturbative up to the GUT scale.
Finally, let us comment on the effects of the other parameters.
In the ﬁgures, we have taken tanβ = 10. The Higgs mass prediction
is, however, almost independent of the choice of tanβ as long as
tanβ  10.22 We also ﬁnd that the predicted Higgs boson mass is
almost unchanged if we change the sign of the μ-term, since the
μ-term contribution to the stop mixing is suppressed by 1/ tanβ .
4. Conclusions and discussions
In this Letter, we discussed more generic models of gauge me-
diation where the messengers are allowed to mix with the Higgs
doubles via a “charged” coupling constant. Although the messen-
gers couple to the MSSM matter ﬁelds at the weak scale, the ﬂavor
structure of these couplings is determined and is aligned to the
MSSM Yukawa couplings. Because of this alignment, the mixing
does not cause any serious ﬂavor changing neutral current prob-
lems.
A distinguishing feature of these models with Higgs-messenger
mixing is a one- and two-loop soft supersymmetry breaking mass
for the sfermions proportional to the Yukawa couplings. Because of
the hierarchy of the Yukawa couplings, the most important contri-
bution is to the stops. This important one-loop stop mass together
with a relatively large stop A-term gives a unique superparticle
and Higgs boson mass spectrum. Particularly, we showed that the
lightest Higgs boson can be as heavy as 125 GeV, for example,
with a gluino mass of around 2 TeV. This is a remarkable differ-
ence from the situation in conventional gauge mediation models
where the lightest Higgs boson mass cannot exceed 120 GeV for a
gluino mass in reach of the LHC. Notice that the particle content
in our model is the same as in the minimal gauge mediation. We
also found that in regions with an enhanced Higgs boson mass,
the stops are heavier than those predicted by conventional gauge
mediation.
We should also note that the predictions of heavy stops, slep-
tons with a large left–right mass splitting, and a heavy lightest
Higgs boson mass is unique to these models. The Next-to-MSSM
(NMSSM) can also predict a relatively heavy lightest Higgs boson
(see for example Ref. [26]), but when combined with gauge medi-
ation has the vanilla mass spectrum of conventional gauge medi-
ation. This is because the stop and slepton masses are unaffected
by the additional ﬁelds of the NMSSM. Therefore, the interplay be-
tween the SUSY particle searches and the Higgs searches are quite
important for probing Type-II gauge mediation. We should note
here that if we combine our mechanism with the NMSSM, the
Higgs mass may be raised up to 140 GeV for example [18].
Finally, let us comment on other interesting features of Type-II
gauge mediation models. In this Letter, we were mainly concerned
22 The large tanβ is favorable to explain the observed discrepancy of the observed
muon anomalous magnetic moment from the SM prediction [25]. A detailed analysis
is in preparation [18].with the parameter space which maximized the lightest Higgs bo-
son mass, i.e. mh0  120 GeV. It should also be noted that the LEP
bound on the Higgs boson mass, m0h  114 GeV, is easily satisﬁed
even for a gluino mass, mgluino  1 TeV in Type-II gauge mediation
(see Fig. 3). Therefore, in this case, SUSY particles may be discov-
ered in the near future at the LHC experiments.
As another interesting possibility for these models, the μ-term
can be relatively small while keeping the Higgs boson mass above
the current lower limit, mh0  114 GeV. This peculiar mass spec-
trum is made possible by the negative one-loop contributions to
the stops mass and the relatively large A-terms for x  1 (for re-
lated discussion see Refs. [27,28]).
Note added
After the present Letter was posted on arXiv (arXiv:1107.3006), ATLAS and CMS
experiments reported excesses in the Higgs boson searches in the mass range of
mh0 = 120–140 GeV at a conﬁdence levels close to 3σ [29]. Such a heavy lightest
Higgs boson mass favors Type-II gauge mediation with y′t  1 if the SUSY particles
are also found at LHC experiments in the near future.
Acknowledgements
We would like to thank Matt Sudano and Satoshi Shira for use-
ful discussions. This work was supported by the World Premier In-
ternational Research Center Initiative (WPI Initiative), MEXT, Japan.
The work of T.T.Y. was supported by JSPS Grand-in-Aid for Scien-
tiﬁc Research (A) (22244021).
References
[1] M. Dine, W. Fischler, M. Srednicki, Nucl. Phys. B 189 (1981) 575;
S. Dimopoulos, S. Raby, Nucl. Phys. B 192 (1981) 353.
[2] M. Dine, W. Fischler, Phys. Lett. B 110 (1982) 227;
M. Dine, W. Fischler, Nucl. Phys. B 204 (1982) 346;
C.R. Nappi, B.A. Ovrut, Phys. Lett. B 113 (1982) 175;
L. Alvarez-Gaume, M. Claudson, M.B. Wise, Nucl. Phys. B 207 (1982) 96.
[3] S. Dimopoulos, S. Raby, Nucl. Phys. B 219 (1983) 479.
[4] I. Aﬄeck, M. Dine, N. Seiberg, Nucl. Phys. B 256 (1985) 557.
[5] M. Dine, A.E. Nelson, Phys. Rev. D 48 (1993) 1277, arXiv:hep-ph/9303230.
[6] M. Dine, A.E. Nelson, Y. Shirman, Phys. Rev. D 51 (1995) 1362, arXiv:hep-
ph/9408384.
[7] M. Dine, A.E. Nelson, Y. Nir, Y. Shirman, Phys. Rev. D 53 (1996) 2658, arXiv:hep-
ph/9507378.
[8] H. Baer, V. Barger, A. Lessa, X. Tata, JHEP 0909 (2009) 063, arXiv:0907.1922
[hep-ph].
[9] M. Ibe, Y. Shirman, T.T. Yanagida, JHEP 1012 (2010) 027, arXiv:1009.2818 [hep-
ph].
[10] J.L. Evans, M. Ibe, M. Sudano, T.T. Yanagida, arXiv:1103.4549 [hep-ph].
[11] T. Yanagida, in: O. Sawada, A. Sugamoto (Eds.), Proceedings of the Workshop
on Uniﬁed Theory and Baryon Number of the Universe, KEK, 1979, p. 95;
M. Gell-Mann, P. Ramond, R. Slansky, in: P. van Niewwenhuizen, D. Freedman
(Eds.), Supergravity, North-Holland, Amsterdam, 1979.
[12] Z. Chacko, E. Ponton, Phys. Rev. D 66 (2002) 095004, arXiv:hep-ph/0112190;
Z. Chacko, E. Katz, E. Perazzi, Phys. Rev. D 66 (2002) 095012, arXiv:hep-
ph/0203080.
[13] G. D’Ambrosio, G.F. Giudice, G. Isidori, A. Strumia, Nucl. Phys. B 645 (2002) 155,
arXiv:hep-ph/0207036, and references therein.
[14] J. Evans, M. Sudano, T.T. Yanagida, arXiv:1012.2952 [hep-ph].
[15] J.L. Evans, M. Sudano, T.T. Yanagida, Phys. Lett. B 696 (2011) 348,
arXiv:1008.3165 [hep-ph].
[16] J.E. Kim, H.P. Nilles, Phys. Lett. B 138 (1984) 150.
[17] G.F. Giudice, R. Rattazzi, Nucl. Phys. B 511 (1998) 25, arXiv:hep-ph/9706540.
[18] J.L. Evans, M. Ibe, T.T. Yanagida, in preparation.
[19] T.T. Dumitrescu, Z. Komargodski, N. Seiberg, D. Shih, JHEP 1005 (2010) 096,
arXiv:1003.2661 [hep-ph].
[20] Y. Okada, M. Yamaguchi, T. Yanagida, Progr. Theoret. Phys. 85 (1991) 1;
J.R. Ellis, G. Ridolﬁ, F. Zwirner, Phys. Lett. B 257 (1991) 83;
H.E. Haber, R. Hempﬂing, Phys. Rev. Lett. 66 (1991) 1815;
See also, for example, J.R. Espinosa, R.J. Zhang, JHEP 0003 (2000) 026,
arXiv:hep-ph/9912236.
[21] B.C. Allanach, Comput. Phys. Comm. 143 (2002) 305, arXiv:hep-ph/0104145.
348 J.L. Evans et al. / Physics Letters B 705 (2011) 342–348[22] B.C. Allanach, A. Djouadi, J.L. Kneur, W. Porod, P. Slavich, JHEP 0409 (2004) 044,
arXiv:hep-ph/0406166.
[23] Tevatron Electroweak Working Group, CDF, D0 Collaborations, arXiv:1107.5255
[hep-ex].
[24] A. Kusenko, P. Langacker, G. Segre, Phys. Rev. D 54 (1996) 5824, arXiv:hep-
ph/9602414.
[25] G.W. Bennett, et al., Muon G-2 Collaboration, Phys. Rev. D 73 (2006) 072003,
arXiv:hep-ex/0602035.[26] D.E. Morrissey, A. Pierce, Phys. Rev. D 78 (2008) 075029, arXiv:0807.2259 [hep-
ph].
[27] R. Kitano, Y. Nomura, Phys. Rev. D 73 (2006) 095004, arXiv:hep-ph/0602096;
R. Kitano, Y. Nomura, arXiv:hep-ph/0606134.
[28] M. Asano, H.D. Kim, R. Kitano, Y. Shimizu, JHEP 1012 (2010) 019,
arXiv:1010.0692 [hep-ph].
[29] ATLAS, CMS Collaborations at the Europhyscis Conference on High-Energy
Physics, EPS-HEP, 2011.
